Light curves of solar-type stars often show gradual fluctuations due to rotational modulation by magnetic features (starspots and faculae) on stellar surfaces. Two quantitative measures of modulated light curves are employed as the proxies of magnetic activity for solar-type stars observed with Kepler telescope. The first is named autocorrelation index i AC , which describes the degree of periodicity of the light curve; the second is the effective fluctuation range of the light curve R eff , which reflects the depth of rotational modulation. The two measures are complementary and depict different aspects of magnetic activities on solar-type stars. By using the two proxies i AC and R eff , we analyzed activity properties of two carefully selected solar-type stars observed with Kepler (Kepler ID: 9766237 and 10864581), which have distinct rotational periods (14.7 vs. 6.0 days). We also applied the two measures to the Sun for a comparative study. The result shows that both the measures can reveal cyclic activity variations (referred to as i AC -cycle and R eff -cycle) on the two Kepler stars and the Sun. For the Kepler star with the faster rotation rate, i AC -cycle and R eff -cycle are in the same phase, while for the Sun (slower rotator), they are in the opposite phase. By comparing the solar light curve with simultaneous photospheric magnetograms, it is identified that the magnetic feature that causes the periodic light curve during solar minima is the faculae of the enhanced network region, which can also be a candidate of magnetic features that dominate the periodic light curves on the two Kepler stars.
Introduction
Kepler space telescope can obtain the light curves of the stars in the selected region of the sky with the wavelength band from 423 to 897 nm . When investigating the solar-type stars that possess the convection zones and magnetic activities, two prominent phenomena can be expected in the observed light curves: one is the gradual fluctuation of the light curves as the result of inhomogeneous dark or bright features (e.g., dark starspots and bright faculae) crossing the observable disk of the star owing to stellar rotation, which is called the rotational modulation (Debosscher et al. 2011) ; another phenomenon is the stellar flare (Schaefer et al. 2000; Benz & Güdel 2010; Shibata et al. 2013) , which manifests as transient spikes standing on the gradual component of the light curves Maehara et al. 2012; Shibayama et al. 2013) . The inhomogeneous features such as starspots and faculae on the surface of solar-type stars are caused by the stellar photospheric magnetic field (Berdyugina 2005; Strassmeier 2009; Reiners 2012) . Then the gradual fluctuation characteristics of the light curves can imply the global magnetic activity properties of the stars. The stellar flares, on the other hand, are eruptive phenomenon that happens in the stellar atmosphere around starspot regions as the result of sudden magnetic energy release through the magnetic reconnection process (Benz & Güdel 2010; Shibata & Magara 2011) . In this paper, we focus on the approaches for analyzing the global magnetic activity properties of the solar-type stars observed with Kepler by examining the gradual fluctuation characteristics of the light curves. The flare activities observed with Kepler will be analyzed in a subsequent paper.
On the Sun, our nearest solar-type star, the dark sunspots correspond to the concentrated strong magnetic field that emerges on the photosphere, while the bright faculae correspond to the enhanced network magnetic field, which is dispersed over a much larger area (Solanki et al. 2006) . The sunspots appear in groups; each group of sunspots is called an active region, and the zone covered by faculae on the solar surface is called the enhanced network region . Literature on modeling the solar irradiance variations (Foukal & Lean 1986; Lean et al. 1998; Fligge et al. 2000) revealed that both the sunspots and faculae play the dominant roles in modulating the light curve of the Sun: the dark sunspots diminish the solar irradiance flux, while the bright faculae raise the flux. But the solar irradiance does not change regularly along with the solar rotation. Two factors complicate the shape of the light curve. The first factor is the time evolution of the magnetic features. It had been found that the lifetimes of most active regions (sunspot groups) are shorter than the rotation period of the Sun (Petrovay & van Driel-Gesztelyi 1997) , while the enhanced network regions (facula zones) favour a relatively longer lifetime for its larger spatial scale (Zirin 1985; Solanki et al. 2000) . The successive appearances and disappearances of magnetic features with different spatial scales and different lifetimes on the surface of the Sun disturb the rotational modulation and cause the irregular fluctuations of light curves (Lanza et al. 2003) . On the other hand, the global coverage of both sunspots and facula zones (and hence the solar irradiance, whose long length-scale trend is dominated by faculae) shows long-term periodical variation along with the 11 yr solar cycle (Fröhlich & Lean 2004 ). The second factor that affects the appearance of the light curve is the differential rotation (Howard 1984) . That is, the magnetic features on the surface of the Sun (both sunspots and faculae) rotate faster at low latitude and slower at high latitude. Thus, magnetic features at different latitudes may cause rotational modulations to the light curve with different fine timescales.
Those complexities related to the light-curve modulations by magnetic features on the Sun can also exist on other solar-type stars, though maybe with different manifestations. For example, the dominant magnetic feature that affects stellar radiant flux may change between starspots and faculae for different solar-type stars or for different epochs of stars (e.g., Dorren & Guinan 1990; Radick et al. 1998; Lockwood et al. 2007) ; it is also possible that there exist long-lifetime starspots with much larger spatial scale (than sunspots) on certain solar-type stars (e.g., Strassmeier & Rice 1998; Strassmeier 2009 ), which may cause very different light curves from those of the Sun. To characterize the activity properties of the magnetic features on the solar-type stars observed with Kepler, one has to employ certain quantitative measures of the Kepler light curves as the proxies of magnetic activity.
One commonly used measure of light curves as the proxy of stellar magnetic activity is the range or amplitude of light-curve fluctuation, which quantifies the depth of rotational modulation. It is believed that the deeper rotational modulation and larger amplitude of a light curve usually imply the bigger magnetic features (i.e., darker starspot area or brighter facula zone) on the star's surface ). This measure of stellar magnetic activity via the fluctuation range of light curves has been extensively employed in the literature for analyzing the Kepler data, but with different definitions. For example, in the articles by Basri et al. (2011 Basri et al. ( , 2013 , all the intensity points of a given light curve are sorted and the difference between the 5% and 95% values (for avoiding anomalous data points) is taken as the measurement of the fluctuation range, whereas García et al. (2010) and Chaplin et al. (2011) calculated the standard deviation (i.e., rms) of the light curve to indicate the amplitude of light-curve fluctuation.
In this work, we make further effort to study the light-curve characteristics associated with the magnetic activities on the solar-type stars observed with Kepler. Specifically, we explore the proxy of magnetic activity from another point of view, that is, the light curve's periodicity caused by the rotational modulation.
In fact, by measuring the fluctuation periods of the observed light curves (through Fourier or spectrum analysis techniques), rotational periods of solar-type stars can be determined with good precision and accuracy (Soderblom 2010) . Since the magnetic features that modulate the light curves may be located at different latitudes, it is also possible to derive the differential rotation information from the minor differences between the period values detected for the same star Lanza et al. 2014) . But because of the time evolution of magnetic features (see description above for the Sun), the rotational modulation can be disturbed, and not all stars show periodic light curves at a given time (Soderblom 2010) . In the worst cases, the rotation periods of the stars can be hardly determined from the light curves by the usual Fourier or spectrum analysis techniques. This situation is not rare for the solar-type stars observed with Kepler ). In the general circumstances, the periodic property of a star's light curve may vary with time: when the configuration of the magnetic features on the surface of the star changes faster (relative to the rotation period of the star), the rotational modulation is severely disturbed, and then the light curve fluctuates irregularly and thus shows weaker periodicity; when the configuration of the magnetic features changes slower, the light curve fluctuates more regularly and thus exhibits relatively stronger periodicity.
Since the degree of periodicity of a light curve can reflect the time evolution information of the magnetic features, we propose it as a new proxy of magnetic activity for solar-type stars. In this paper, we mainly utilize this measure and the fluctuation range of light curves (as mentioned above) to analyze the activity variations of Kepler stars. Both measures originate from the phenomenon of rotational modulation in light curves, yet they manifest different aspects of magnetic activities: the periodicity of a light curve describes the regularity of the rotational modulation and is related to the stability (or, conversely, the rate of change) of magnetic features, whereas the fluctuation range of light curves indicates the depth of the rotational modulation and is related to the magnetic features' size and spatial distribution. The two proxies are complementary and just like two orthogonal coordinates that can be used to depict the stellar magnetic activity characteristics concealed in the light curves.
We employ the autocorrelation algorithm (e.g., Brockwell & Davis 2002) and introduce an autocorrelation index, i AC , to quantitatively describe the degree of periodicity of light curves. The autocorrelation-based method has proved to be a reasonable approach for determining the rotational periods of Kepler stars (McQuillan et al. 2013 (McQuillan et al. , 2014 Lanza et al. 2014) . We explain the concept and algorithm of i AC in Section 2. For the second proxy of magnetic activity, we define a quantity, R eff , to represent the effective range of light-curve fluctuation. R eff is based on the rms algorithm as in the work by García et al. (2010) and Chaplin et al. (2011) , but with a slightly different definition. The evaluation of R eff is also described in Section 2.
As an application of the two proxies of magnetic activity, by using the two quantitative measures i AC and R eff , we investigate activity variations of two carefully selected solar-type stars observed with Kepler. The two solar-type stars (Kepler ID: 9766237 and 10864581) have distinct rotational periods: the first one is about 14.7 days (Earth day; the same below), and the second one is about 6.0 days. It is expected that stars with different rotation periods may manifest different activity behaviors (Noyes et al. 1984; Güdel 2007; Soderblom 2010) . The activity analyses for the two solar-type stars observed with Kepler (as well as the process of Kepler star selection and the procedure of data reduction) are described in detail in Section 3. We also applied the two proxies of magnetic activity to the Sun for a comparative study. The light-curve data of the Sun employed in this research were obtained by the Solar and Heliospheric Observatory (SOHO; Domingo et al. 1995) . The activity analysis for the Sun is given in Section 4. In Section 5, we discuss further the results of the above analyses. Section 6 provides a summary and conclusion.
Proxies of Magnetic Activity

Measurement of the Periodicity of the Light Curve
If a light curve shows some extent of periodicity, it means that the light curve has selfsimilarity after certain time lags. This self-similarity can be quantitatively measured by the correlation coefficient between the two copies of the time series data with and without the time lag. A sequence of correlation coefficients corresponding to a sequence of time lags makes up the autocorrelation function (ACF) of the light curve.
For an observed light-curve time series {X t , t = 0, 1, . . . , N − 1}, where N is the total number of the data points, the autocorrelation coefficient ρ at time lag h (i.e., the ACF) is defined by (Brockwell & Davis 2002) 
whereX is the mean value of {X t }:X
To demonstrate the properties of ACF, in Figure 1 we show the ρ(h) plots for two simulated light curves. One is a regular sine curve with high periodicity, and another is a random curve with poor periodicity. It can be seen in Figure 1 that the value of ρ is normalized into the interval of (−1, 1] and the profiles of ρ(h) fluctuate with the increase of time lag h. For the light curve with high periodicity (the sine curve in Figure 1a) , the fluctuation amplitude of the ACF is large (see Figure 1c) , implying strong autocorrelation. For the light curve with poor periodicity (see Figure 1b) , the fluctuation amplitude of the ACF is relativity small (see Figure 1d) , implying weak autocorrelation. Moreover, for the light curve with high periodicity, the ρ(h) profile also shows regularly periodic variation, and the period of the ρ(h) profile is the same as the period of the original light curve (illustrated by vertical dashed lines in Figures 1a and 1c) (McQuillan et al. 2013) ; for the light curve with poor periodicity, the ρ(h) profile shows irregular variation (see Figures 1b and 1d) .
To measure the degree of periodicity of a light curve with one quantity, we introduce the concept of an autocorrelation index (represented by i AC ), which is defined as the average value of |ρ(h)| over the interval 0 < h N/2:
(If N/2 is not a natural number, ρ(N/2) is computed via interpolation.) We choose h N/2 because if h > N/2, only part of the light curve's data points are employed to calculate ρ(h) (see equation (1) It can be seen in Figure 1 that the light curve with stronger periodicity has a larger i AC value (left column in Figure 1 ) and the light curve with weaker periodicity has a smaller i AC value (right column in Figure 1) . Thus, the autocorrelation index i AC defined in equation (3) can be used as a quantitative measure to evaluate and compare the periodicity properties of different light curves. For a pure sine curve x = A sin(ωt) as illustrated in Figure 1a , the corresponding ACF can be approximately expressed by equation ρ(h) = (1 − h/T ) cos(ωh), where T is the total length of the curve, and the value of i AC approaches 3/(2π) ≈ 0.48 when T covers sufficient periods (see Figure 1c) . For general curves with distortions and irregular fluctuations, the values of i AC are expected to be in the interval between 0 and 0.48.
Measurement of the Fluctuation Range of the Light Curve
Since fluctuation amplitude of a stellar light curve is generally not uniform, we define a quantity, R eff , to represent the effective range of the light-curve fluctuation. (In this work, when we refer to the fluctuation range of a light curve, we mean the distance between the crest and trough of the light-curve profile as adopted in the papers by Basri et al. (2011 Basri et al. ( , 2013 .)
For a given light-curve time series {X t , t = 0, 1, . . . , N − 1}, we first obtain the relative flux expression {x t , t = 0, 1, . . . , N − 1} of the light curve:
Equation (4) means that the original light-curve data {X t } are subtracted and then divided by the median value of {X t } (denoted by X). The resulting relative flux data, {x t }, fluctuate around the zero value, which is convenient for the further analysis. In fact, the light-curve plots shown in Figures 1a and 1b are based on the relative flux data. (Note that for a given light curve, the {X t } data and the corresponding {x t } data yield the same values of ρ(h) and i AC according to equations (1) and (3).)
The effective fluctuation range of the light curve, R eff , is defined based on the relative flux data {x t }:
where x rms is the rms value of {x t } (García et al. 2010; Chaplin et al. 2011 ),
The evaluated R eff values for the two demo light curves in Figure 1 are given in Figures 1a and 1b, respectively; for each light curve, we use two horizontal dotted lines (upper and lower lines) to illustrate the positions of R eff /2 and −R eff /2, and the value of R eff can be understood geometrically as the distance between the two dotted lines.
For the pure sine curve x = A sin(ωt) as displayed in Figure 1a , x rms = A/ √ 2, and
which is just the distance between the crest and trough of the light-curve profile (indicated by the two horizontal dotted lines in Figure 1a ). That is why we introduce the factor 2 √ 2 in equation (5). For general light curves with variable amplitudes, R eff gives a quantitative assessment of the effective (i.e., balanced) range of fluctuation as illustrated in Figure 1b Two solar-type stars (G-type main-sequence stars) observed with Kepler were carefully selected for activity analysis by using the two proxies of magnetic activity. We selected the star samples based on the Kepler superflare star list given by Shibayama et al. (2013) ; the stars in this list (279 G-type stars in total) had been identified with superflare spikes (flare energy greater than 10 33 erg) in their light curves (Notsu et al. 2013b; Shibayama et al. 2013; Nogami et al. 2014) , which ensures that the magnetic activities do exist on these stars. The criteria for our Kepler star selection from the list of Shibayama et al. (2013) are as follows:
1. The dynamic range (upper limit value of R eff ) of the star's light curve (in relative flux expression) should have the same order of magnitude as the dynamic range of the Sun (about 10 −3 ; see Section 4), since we want a comparative study between the Sun and the solar-type star samples.
2. The light curve of the star should be continuously observed and have multiple epochs of regular fluctuations with stronger periodicity, as well as epochs of irregular fluctuations with weaker periodicity; then it will be favorable for analysis by using the i AC measure.
3. The selected stars should have distinctly different rotation periods, for we expect that the stars with different rotational periods may manifest different magnetic activity behaviors (Noyes et al. 1984; Güdel 2007; Soderblom 2010) .
We surveyed all the light curves of the candidate Kepler stars in the list of Shibayama et al. (2013) and finally selected the two representative solar-type stars (Kepler ID: 9766237 and 10864581) that satisfy all the criteria given above. As required by the third criterion, the two selected stars have distinct rotation periods (denoted by P rot ); the first is about 14.7 days, and the second is about 6.0 days (see Section 3.4 for details of the process to derive the P rot values of the two stars).
For ease of reference, the first selected star (Kepler ID: 9766237) is hereafter referred to as Star I and the second star (Kepler ID: 10864581) is referred to as Star II. Table 1 gives the basic information (effective temperature, T eff ; surface gravity, log g; metallicity, [Fe/H]; radius, R/R ; Kepler magnitude, K p ; and rotation period, P rot ) of the two selected solartype stars. The values of the stellar parameters (T eff , log g, [Fe/H], R/R , K p ) in Table 1 are taken from the Kepler Input Catalog (KIC; Brown et al. 2011 ).
Kepler Data Reduction
The light-curve data of the two selected solar-type stars were obtained by the photometry instrument aboard the Kepler spacecraft ) and were acquired in long-cadence (LC) mode of the instrument (Jenkins et al. 2010b ), i.e., one data point every 29.4 minutes. The raw flux data were processed by the Presearch Data Conditioning (PDC) module Stumpe et al. 2012) of the Kepler data analysis pipeline (Jenkins et al. 2010a ) to correct the systematic errors while keeping the astrophysical signals. The flux data after PDC processing (PDC flux, for short) are ready for the physical analyses. The latest PDC flux data product, Kepler Data Release 24 (Thompson et al. 2015) , is utilized in this paper.
The raw LC data and the processed PDC flux data of Kepler are organized by the observing quarters of the Kepler mission. A full-length quarter is about 3 months (Haas et al. 2010) . Figure 2 gives an overview of all the PDC flux data available for Star I and Star II. The PDC flux curves of different quarters are separated by vertical dotted lines in Figure  2 and the quarter numbers are marked below the corresponding flux curves. As shown in Figure 2 , the flux data of both stars cover quarters 1-17 (Q1-Q17), in which Q2-Q16 are fulllength quarters. In this work, we use the data of Q2-Q16 (15 quarters in total, highlighted in gray in Figure 2 ) for magnetic activity analyses, since Q1 and Q17 are too short to give a compatible result with other quarters (see also the unfolded light curves in Appendix A). The time system for the Kepler flux data is BJD−2,454,833 (which is adopted by the Kepler team; see the time axis in Figure 2 ), where BJD refers to the Barycentric Julian Date and the offset 2,454,833 is the value of the Julian Date at midday on 2009 January 1 (Christiansen et al. 2013 ).
Because the Kepler telescope rolls 90
• about its axis between quarters and the photometry data of successive quarters for the same star are obtained by the different CCD modules (Haas et al. 2010) , the PDC flux plots in Figure 2 show obvious discontinuities (shifts of the absolute values) between neighboring quarters and the long length-scale trends of the flux variations are not preserved in the PDC data (Christiansen et al. 2013) . For this reason, we processed the PDC flux data of different quarters separately. The reduction procedure for the PDC flux data in each quarter includes the following steps.
First, we obtained the relative flux expression (denoted by f ) of the light curve from the original PDC flux data (denoted by F ) based on equation (4),
The relative flux f has the advantages that it fluctuates around zero and is not affected by the absolute value of the measured flux F . Thus, it can dispel the shift issues in the PDC flux data of different quarters and is also suitable for the comparative analysis between solar-type stars with different apparent magnitudes. (The PDC flux data, on the other hand, do rely on the stars' apparent magnitudes; see different K p values of Star I and Star II in Table 1 and the different PDC flux data ranges of the two stars in Figure 2 .) Second, the relative flux data f were processed by a Fourier-based low-pass filter to remove the transient variation component (denoted by f T ) of f , and we obtained the pure gradual variation component (denoted by f G ) of the light curve. The transient variation component f T , which consists of noises, outliers, flare spikes, and granulation-driven flickers (e.g., Cranmer et al. 2014; Kallinger et al. 2014) , can disturb the follow-up activity analysis based on the light-curve measures i AC and R eff and thus is filtered out:
Since the observed flux data of different stars may have different noise levels and fluctuation properties, the upper cutoff frequencies of the low-pass filter for deriving f G were determined via visual inspection. In this work, the values of the upper cutoff frequencies adopted for Star I and Star II approximate to 1/(0.3P rot ).
Third, based on the f G time series data, the ACF of the light curve, ρ(h), was derived by using equation (1) and then the autocorrelation index, i AC , was evaluated by using equation (3) (see Section 2.1 for details); meanwhile, the effective fluctuation range of the light curve, R eff , was acquired by substituting f G into equation (5) (see Section 2.2 for details). Finally, we obtained the values of the two quantitative measures of the light curve, i AC and R eff , which serve as the proxies of magnetic activity of the host star. Figure 3b . Figure 3c displays the ACF of the light curve, ρ(h), derived from the f G time series data, and the evaluated value of i AC is shown above the ρ(h) curve. The evaluated value of R eff based on the f G data is given in Figure  3b , which is also illustrated by the two horizontal dotted lines (indicating the positions of R eff /2 and −R eff /2, respectively) in Figure 3b .
After all the data reduction processes described above, for each full-length quarter of light-curve data of Star I and Star II, we have the original PDC flux F , the relative flux f , and the gradual variation component of the relative flux f G , as well as one autocorrelation index value of the light curve, i AC , and one effective fluctuation range value of the light curve, R eff . The activity property analyses for the two selected solar-type stars in the next subsections are based on these data.
Activity Properties of the Two Selected Solar-type Stars
As explained in Section 3.2, we use the Kepler data of Q2-Q16 (i.e., full-length quarters) for analyzing the activity properties of the two selected solar-type stars. Figure 4 gives an overview of the whole curves of the relative flux f and the gradual variation component of the relative flux f G within Q2-Q16 for Star I, which were obtained during the data reduction process described in Section 3.2. ) from the relative flux f (see data reduction process in Section 3.2), the resulting f G flux data can reflect the gradual fluctuation characteristics of the stellar light curves more clearly. As explained in Section 1, it is the gradual variation component of a stellar light curve that is related to the rotational modulation and thus encompasses the activity information of the magnetic features on the star's surface. For this reason, we evaluated the two quantitative measures of light curves (proxies of magnetic activity), i AC and R eff , based on the f G data instead of f as described in Section 3.2.
The evaluated values of i AC and R eff for the light curves of Star I and Star II in each quarter (Q2-Q16) are listed in Table 2 . The values of the autocorrelation index i AC , which quantify the degrees of periodicity of the light curves (see definition in Section 2.1), are also given above the corresponding f G curves of each quarter in Figures 4b and 5b for reference. It can be seen from Figures 4b and 5b that the i AC measure works well for the light curves of the two selected solar-type stars. If a light curve within a quarter shows strong periodicity with regular fluctuation, the i AC value is large, implying stable magnetic features on the star's surface and thus regular rotational modulation to the light curve; if a light curve shows weak periodicity with distortions and irregular fluctuation, the i AC value is small, implying rapid evolution of magnetic features (see detailed explanation in Section 1). As noted in Section 2.1, the evaluated values of i AC (see Table 2 or Figures 4b and 5b ) are in the interval between 0 and 0.48.
In Figures 6a and 6b , we plot the variations of i AC values with the change of quarters for Star I and Star II, respectively. Each square symbol in Figures 6a and 6b represents an i AC value of a certain quarter: the vertical axis gives the value of i AC , the horizontal axis gives the cental time of the corresponding quarter, and the quarter number is marked on top of the square symbol. From Figures 6a and 6b it can be observed that with the change of quarters, the i AC measure goes up to a certain maximum value and then down cyclically for both stars (note that we trace the long-term trend of i AC and the short-term stochastic variations of i AC in Figure 6a are omitted), which implies the alternate appearances of the epochs of regular fluctuation and irregular fluctuation in the light curves of the two stars (see Figures 4 and 5; see also the unfolded light curves in Appendix A for an intuitive impression). We refer to each up-and-down period of i AC variation as one i AC -cycle.
To highlight the cyclic variations of i AC , we indicate the quarters that have the maximum values of i AC in each i AC -cycle by vertical dotted lines in Figures 6a and 6b . With the help of these vertical dotted lines, it can be identified that the plot of i AC for Star I involves two i AC -cycles (maximum i AC at Q3 and Q13 for each i AC -cycle; see Figure 6a ; notice that the short-term stochastic variations of i AC have been omitted), and the cycle length (inferred from the time interval between the vertical dotted lines) is 10 quarters (about 2.5 yr), whereas the i AC plot for Star II involves three i AC -cycles (maximum i AC at Q5, Q10, and Q15 for each i AC -cycle; see Figure 6b ), and the cycle length is 5 quarters (about 1.3 yr). Since the i AC measure of the light curve is one proxy of stellar magnetic activity (reflecting the stability of the magnetic features on the host star; see Section 1), the cyclic variations of i AC shown in Figures 6a and 6b imply the cyclic variations of magnetic activities on the two selected solar-type stars. Figures 6c and 6d for reference. It is seen that, while the R eff plot for Star I in Figure 6c shows no obvious long-term trend of variation, the R eff plot for Star II in Figure  6d does display the analogous cyclic variation (denoted by R eff -cycle) as the i AC plot in Figure 6b , and the phase of the R eff -cycle of Star II basically coincides with the i AC -cycle as indicated by the vertical dotted lines in Figures 6b and 6d (see also the light curves of Star II in Figure 5b for a more intuitive impression of the cyclic variations and phase coincidence of the two measures). As another proxy of magnetic activity, R eff reflects the depth of stellar rotational modulation and is related to the magnetic features' size and spatial distribution on the surface of the host star (see description in Section 1). The phase coincidence between the cyclic variations of i AC and R eff of Star II implies that they describe the same magnetic activity cycle on this solar-type star.
Rotation Periods and Differential Rotations of the Two Selected Solar-type Stars
The rotation periods of the two selected solar-type stars can be obtained by measuring the periods of the gradual periodic fluctuations in the observed light curves due to the rotational modulation. As shown in Section 3.3, in some quarters the light curves of the two stars have very weak periodicity (represented by the low i AC values), and the rotation periods of the stars can be hardly detected based on these quarters of light-curve data. For this reason, we use the highly periodic quarters that have the maximum values of i AC in each i AC -cycle (indicated by the vertical dotted lines in Figures 6a and 6b ) to derive the rotation periods of the two solar-type stars, that is, using Q3 and Q13 for Star I, and using Q5, Q10, and Q15 for Star II.
The generalized Lomb-Scargle (GLS) periodogram method (Zechmeister & Kürster 2009 ) was employed to detect the periods of the light curves. The periodogram algorithm relies mainly on the sine wave fitting (Scargle 1982) and has been adopted by many authors for investigating rotation periods of Kepler stars (e.g. McQuillan et al. 2013; . Figure 7 that, based on the light curves with strong periodicity (indicated by the high i AC values), the rotational period of the host star can be determined with good precision and accuracy.
As explained above, we use the light-curve data of Q3 and Q13 to derive the rotational period of Star I and use the light-curve data of Q5, Q10, and Q15 to derive the rotational period of Star II. For each specified quarter, we obtained a rotational period (P rot ) value via the GLS periodogram method. All the derived P rot values (with small differences for the same star) are listed in the first rows of Tables 3 and 4 (for Star I and Star II, respectively). The second rows of Tables 3 and 4 are angular velocity (Ω = 2π/P rot ) values, which were computed based on the values of P rot . In the last columns of Tables 3 and 4 , we give the mean values of P rot and Ω of all the processed quarters. The mean values of P rot are just the values listed in Table 1 Because we have no observations on the latitude distributions of the magnetic features that cause the rotational modulation, the ∆Ω and ∆Ω/Ω values given above are the lower limits of the differential rotations on the two solar-type stars. Nevertheless, it can be deduced that the star with the faster rotation rate (i.e., Star II) tends to have a smaller shear of angular velocity, which is consistent with the statistical trend achieved by using large samples of Kepler stars.
Activity Analysis for the Sun
The disk-integrated radiation of the Sun has been monitored by a series of satellites and spacecrafts for decades (Willson & Mordvinov 2003; Fröhlich & Lean 2004; Kopp et al. 2005; Domingo et al. 2009 ). The solar light-curve data can be obtained from these observations, which can be employed for the magnetic activity analysis of the Sun by using the two quantitative measures, i AC and R eff , as for the light curves of the two Kepler stars in Section 3.
The solar light-curve data employed in this paper are the total solar irradiance (TSI) data observed by the SOHO spacecraft ) from the year 1996 to 2013 (18 yr in total). The instruments that recorded the TSI flux are from the Variability of solar IRradiance and Gravity Oscillations (VIRGO) investigation on SOHO. The TSI data of VIRGO on SOHO have been adopted by various authors to perform the comparative analyses between the Sun and the Kepler stars (e.g., Basri et al. 2013; Bravo et al. 2014) .
Because the SOHO spacecraft that observed the TSI data is located at the Sun-Earth L1 Lagrangian point and orbits the Sun synchronously with the earth , it has a yearly cyclic variation of observation point along the heliocentric orbit, which may be reflected in the observed TSI data. For this reason, in the following reduction process for the TSI flux data, we will evaluate the two quantitative measures, i AC and R eff , of the flux curve year by year. Figure 8a gives an overview of the whole TSI flux curve from 1996 to 2013 (VIRGO TSI data set version: 6 004 1411). The cadence of the data set is 1 hr. The time system used in Figure 8a , as well as in the following figures, for the TSI data is JD − 2, 450, 083.5, where JD refers to Julian Date and the offset 2,450,083.5 is the value of the Julian Date at 00:00 UT on 1996 January 1. The TSI flux curves of different years are separated by vertical dotted lines in Figure 8a , and the year numbers are marked below the corresponding curves. As shown in Figure 8a , the long length-scale trend of the flux variation is well preserved in the TSI data.
For making a comparative analysis between the Sun and the two Kepler stars, we filtered out the long length-scale trend in the TSI data via a Fourier-based high-pass filter to simulate the observational property of the Kepler data. The result after the filtering is the PDC-like flux F of the TSI data. The lower cutoff frequency of the high-pass filter was set as 1/40 day −1 , which is smaller than the differential rotation frequencies at all latitudes of the Sun (Howard et al. 1990) , and thus the rotational modulation signal in the TSI data can be preserved.
The follow-up TSI data reduction procedure is similar to the Kepler data. First, we made the relative flux data f by using equation (7) from the PDC-like flux F . Second, the gradual variation component of the relative flux, f G , was obtained from f through a low-pass filter with the upper cutoff frequency being set as 1/4 day −1 . (This cutoff frequency was determined via visual inspection by considering the noise level and fluctuation property of the TSI flux data, which are different from the Kepler light-curve data processed in Section 3.2.) Third, based on the f G time series data, the values of the two quantitative measures, i AC and R eff (proxies of magnetic activity), were evaluated by using equations (3) and (5) for each year's TSI flux curve of the Sun. Figure 8b displays the whole f G flux curve of the TSI data obtained during the data reduction process. Compared with the original TSI flux curve in Figure 8a , the f G curve in Figure 8b fluctuates around the zero value with both the long length-scale trend and the transient variation component being removed from the observed TSI flux data, and thus it can be comparable to the f G curves of the two Kepler stars in Figures 4b and 5b. The evaluated values of i AC and R eff for the light curve of the Sun based on each year's f G data (from 1996 to 2013, 18 yr in total) are listed in Table 5 . The i AC values of the Sun are also given above the corresponding f G curves of each year in Figure 8b for reference.
In Figure 9 , we plot the variation of i AC and R eff values with time for the Sun. The square symbols in Figure 9a represent the values of i AC for each year, the triangle symbols in Figure 9b represent the values of R eff , and the last two digits of the year numbers are marked on top of the corresponding square and triangle symbols in Figures 9a and 9b . It can be seen in Figure 9 that both the i AC and R eff plots for the Sun present cyclic variations. As with the plots for the two Kepler stars in Figure 6 , we indicate the years that have the maximum values of i AC in each i AC -cycle of the Sun by vertical dotted lines in Figure 9a ; the same vertical dotted lines are also plotted in Figure 9b for reference. With the help of these vertical dotted lines, it is found that the i AC and R eff values of the Sun vary in opposite phase; that is, the maxima of the i AC -cycle (specified by the vertical dotted lines in Figure  9 ) correspond to the minima of the R eff -cycle.
On the Sun, there exists the known 11 yr cycle of solar activity, which is defined by the long-term cyclic variation of sunspot number (Hathaway 2010) . The solar cycle can also be manifested by other indicators, such as the long length-scale trend of the TSI flux (Fröhlich & Lean 2004 ) as illustrated in Figure 8a , which is controlled by bright faculae rather than dark sunspots (Foukal & Lean 1988) . The TSI flux data employed in this work (see Figure 8a ) cover the solar cycle 23 (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) and the ongoing solar cycle 24 (2009-2013) (Hathaway 2010) . From Figure 9 it can be seen that both the cyclic variations of i AC and R eff coincide with the known 11 yr solar cycle, but i AC varies in the opposite phase, while R eff varies in the same phase of the solar cycle (see also Figure 8b for a more intuitive impression).
In fact, the sunspot number that defines the solar cycle can also be regarded as a kind of proxy of magnetic activity of the Sun based on the white-light imaging observation. Yet the sunspot number and the two measures of the light curve i AC and R eff reflect different aspects of the magnetic activity on the Sun: the sunspot number indicates the population of sunspots, the R eff measure represents the size of magnetic features (mainly sunspot groups), while the i AC measure is concerned with the stability (time evolution) of magnetic features (both sunspots and faculae). During solar cycle maximum, when the sunspot number is large (Hathaway 2010) , the value of R eff is also large as shown in Figure 9b (same phase with solar cycle), implying big sunspot groups on the solar surface; in the meantime, the i AC measure has a relatively low value as shown in Figure 9a (opposite phase with solar cycle), implying rapid evolution of sunspots and faculae. During solar cycle minimum, both the sunspot number and R eff measure have very low values, whereas the value of i AC is high (indicated by the vertical dotted lines in Figure 9 ), implying stable (relative to the rotation period of the Sun) magnetic features on the solar surface (see Section 5.1 for further discussion about this issue).
From the f G flux data of the Sun in the years 1996 and 2009, which have the maximum values of i AC in each i AC -cycle (indicated by the vertical dotted lines in Figure 9a ), the rotational period of the Sun can be derived by using the GLS periodogram method (Zechmeister & Kürster 2009 ) as for the two Kepler stars in Section 3.4. Figure 10 gives an example of the GLS periodograms corresponding to the light curve of the Sun in 2009 that possesses the highest value of i AC . All the derived rotational period (P rot ) and angular velocity (Ω) values of the Sun based on the light curves in 1996 and 2009 are listed in Table  6 . As anticipated, there is apparent differential rotation on the surface of the Sun (see ∆P rot and ∆Ω values in Table 6 ). The mean value of the derived rotational periods of the Sun is 27.33 days, which coincides with the value measured directly from the imaging observation (Howard et al. 1990 ). (Because the SOHO spacecraft that observed the TSI data orbits the Sun synchronously with the earth , the derived rotation period of the Sun is the synodic period and not the sidereal period as obtained from the Kepler data.)
Discussion
Dominant Magnetic Feature That Causes the Periodic Light Curve
During solar cycle minima, the TSI flux curve of the Sun shows small amplitude (represented by low R eff values) but apparent periodic fluctuations (represented by relatively high i AC values; see Section 4), implying that there exist long-lifetime magnetic features on the solar surface that cause the steady rotational modulation. The lifetimes of most sunspots are shorter than the rotation period of the Sun owing to their small spatial scale (Petrovay & van Driel-Gesztelyi 1997) , not to mention the even smaller sunspots at solar minima. Thus, the sunspots appearing at solar minima tend to cause disturbance to the light curve rather than steady rotational modulation. The TSI flux curve during 1996 September-December (around solar minimum) demonstrates this situation, which is displayed in Figure 11a . The segment of TSI flux curve shown in Figure 11a presents steady periodic fluctuation as a whole, but is interrupted by a big dip on the second half of the flux curve. The phase of the big dip on the time axis dose not coincide with the troughs of the periodic fluctuation component of the light curve, which implies that the big dip and the periodic component of the light curve are caused by different kinds of magnetic features. We inferred that the big dip (disturbance to the light curve) was caused by a sunspot group that emerged on the observable disk of Sun, which eventually disappeared on the west limb along with the solar rotation; however, the long-lifetime magnetic feature that caused the periodic fluctuation of the light curve remains unclear.
To find out the exact magnetic features that are responsible for the big dip and the periodic fluctuation component in the solar light curve shown in Figure 11a , we draw the synoptic chart of the solar photospheric magnetograms for Carrington rotation (CR) 1916 in Figure 11b (white representing positive polarity of the photospheric magnetic field and black color representing negative polarity). The magnetic field data used to make the synoptic chart were observed by the Michelson Doppler Imager (MDI) instrument (Scherrer et al. 1995) aboard SOHO . We choose CR 1916 because its time span (1996 November 11-December 9) just covers the portion of the TSI flux curve disturbed by the big dip, which is highlighted in gray in Figure 11a . This segment of the TSI flux curve covered by CR 1916 is also plotted on the synoptic magnetic field map in Figure 11b in white color according to the central meridian passage time given by the top horizontal axis of the chart (notice the opposite direction of the time axis in Figure 11b compared with the plot in Figure 11a ). For ease of identifying the periodic fluctuation component of the light curve, in both Figures 11a and 11b we indicate the crest of the light curve just before the big dip by an upward-pointing white arrow and indicate the trough just after the big dip by a downward-pointing white arrow.
From Figure 11b , the exact magnetic features that correspond to each of the light curve's characteristics can be identified. The big dip in the light curve is associated with the active region (NOAA serial number: 7999) located at the center of the synoptic chart (noted by a downward-pointing black arrow in Figure 11b ). The intense magnetic field in the active region caused the dark sunspots, and the dark sunspots in turn led to the sharp drop of the TSI flux, which forms the big dip. The crest of the light curve just before the big dip in the right half of the synoptic chart (see the upward-pointing white arrow in Figure 11b ) is associated with an enhanced network region (noted by an upward-pointing black arrow). The enhanced network region has the enhanced network magnetic field as demonstrated in Figure 11b , which caused an area of concentrated bright faculae on the photosphere (Solanki et al. 2006) , and it is these bright faculae that raised the TSI flux and led to the crest of the light curve. No apparent magnetic features exist in the left half of the synoptic chart, so the TSI flux fell back to the base level and formed the trough of the light curve (indicated by the downward-pointing white arrow in Figure 11b ). Based on the above discussion, it can be concluded that the magnetic features associated with the periodic fluctuation component of the solar light curve in Figure 11a are the faculae of the enhanced network region on the surface of the Sun. Unlike dark sunspots, bright faculae affect the solar light curve by raising the solar irradiance flux. The larger spatial scale of the enhanced network region (see Figure 11b ) favors a relatively longer lifetime of this magnetic feature (Zirin 1985; Solanki et al. 2000) , which tends to yield a steady rotational modulation and thus periodic light curve. In addition, the larger spatial scale of the facula zone (enhanced network region) lets the shape of the periodic light curve be more gentle and rounded (see Figure 11a) , in contrast to the sharp (V-shaped) profile of the big dip caused by the smaller sunspots.
For the two solar-type stars observed with Kepler (see Section 3), if we assume that the highly periodic light curves (characterized by high i AC values) are also caused by the enhanced network regions and bright faculae, then the facula activities on the two solar-type stars are much stronger than the facula activities on the Sun during solar cycle minima. The highest i AC values of Star I (in Q3) and Star II (in Q10) are 0.335 and 0.426, respectively, and the corresponding R eff values are 0.649 × 10 −3 and 0.946 × 10 −3 (see Table 2 ). As a comparison, the highest i AC value of the Sun (in 2009) is just 0.162 and the corresponding R eff value is 0.104 × 10 −3 (see Table 5 ). The larger value of i AC (measuring the degree of periodicity of the light curve) implies a more stable structure of enhanced network regions on the two solar-type stars and thus more regular rotational modulation, and the larger value of R eff (measuring the fluctuation range of the light curve) implies a larger (brighter) area of faculae and thus deeper rotational modulation.
It is possible that there exist long-lifetime starspots with much larger spatial scale (than sunspots) on young and rapidly rotating solar-type stars (e.g., Strassmeier & Rice 1998; Strassmeier 2009 ), which can also be responsible for the highly periodic light curves. But it is not likely for the two selected solar-type stars investigated in this paper. First, the dynamic ranges (upper limit value of R eff ) of the two selected stars' light curves have the same order of magnitude as the dynamic range of the Sun (about 10 −3 ; see the first criterion for the star selection in Section 3.1 and the R eff values in Tables 2 and 5) ; if the periodic light curves of the two selected solar-type stars were caused by starspots, to obtain the needed fluctuation range of the light curves, the size of the presumed starspots would be in the same scale as the size of the biggest sunspots on the Sun, which contradicts the hypothesis that the starspots have much larger spatial scale than sunspots, yet the larger spatial scale of starspots is essential for sustaining a stable periodic light curve. Second, superflares were seldom observed in the two selected stars' light curves (see the statistical result in the paper by Shibayama et al. (2013) ), which does not give a positive support to the continuous presence of large starspot groups (which are assumed to produce the superflares) on the two solar-type stars (Shibata et al. 2013 ).
Nevertheless, for the stars with a high dynamic range of light curves (or with high occurrence frequency of superflares), it is still very possible that the periodic light curves are caused by the large starspots (e.g., Notsu et al. 2013a,b) . (In fact, a good portion of Kepler superflare stars in the list by Shibayama et al. (2013) have the dynamic ranges that are one order of magnitude greater than the Sun.)
Correlation between i AC and R eff
The activity analyses in Section 3 (for Star I and Star II) and Section 4 (for the Sun) demonstrate that the time variations of the two measures of light curves (i AC and R eff , as proxies of magnetic activity) present different phase correlations for the two selected solartype stars and the Sun, which represent the different magnetic activity behaviors on these stars. To describe the correlations of the two measures quantitatively, we calculated the correlation coefficients between the i AC and R eff values for Star I, Star II, and the Sun, respectively; the derived values are listed at the end of Tables 2 and 5. For the Sun, the values of i AC and R eff show negative correlation (correlation coefficient: −0.29; see Table 5 ), which means that the two measures vary in opposite phase (see plots in Figure 9 and description in Section 4). For Star II, the two measures show positive correlation (correlation coefficient: 0.66; see Table 2 ), which means that the two measures vary in the same phase (see plots in Figures 6b and 6d and description in Section 3.3). For Star I, the two measures show weakest correlation (correlation coefficient: 0.10; see Table  2 ); while i AC exhibits cyclic variation, R eff varies randomly (see plots in Figures 6a and 6c ).
In the process of Kepler star selection, we selected the two solar-type star samples (Star I and Star II) to intentionally let them have distinctly different rotation periods (or rotation rates; see the third criterion for the star selection in Section 3.1 and the P rot and Ω values in Tables 3 and 4) , as we expect that stars with distinct rotation rates will have different behaviors of magnetic activity (Noyes et al. 1984; Güdel 2007; Soderblom 2010) . If it is assumed that the stellar activity behaviors are related to the rotation rates of stars, based on the i AC and R eff correlations discussed above, we can say that i AC and R eff show positive correlation for the faster-rotating star (Star II) and negative correlation for the slowerrotating star (the Sun), and Star I (which has the medium rotation rate and the weakest i AC and R eff correlation) represents a shift between the two behaviors of stellar activity. This variation of i AC and R eff correlation coefficients with the rotation rates (expressed by angular velocity Ω) of the Sun, Star I, and Star II is plotted in Figure 12. (The Ω value of the Sun adopted in Figure 12 is the sidereal value, i.e., 2π/25.38 ≈ 0.2476 rad d −1 , instead of the synodic value obtained in Section 4, for being compatible with the sidereal values of the two Kepler stars.)
Stellar Activity Cycle
The magnetic activity cycles on stars other than the Sun have been discovered and confirmed through various approaches, such as monitoring long-term variations of stellar photometric and chromospheric emissions (Baliunas et al. 1995; Radick et al. 1998; Lockwood et al. 2007; Hall 2008) , tracking long-term variation of stellar X-ray luminosity (Güdel 2004; Sanz-Forcada et al. 2013) , asteroseismology method (García et al. 2010) , and ZeemanDoppler imaging technique (Morgenthaler et al. 2011) .
In this work, we rely on the signals of rotational modulation in stellar light curves to study the long-term activity variations of solar-type stars. Two quantitative measures of the modulated light curve, i AC and R eff , are employed as the proxies of magnetic activity. The results in Sections 3 and 4 demonstrate that both the measures are able to reveal magnetic activity cycles on solar-type stars; they can be complementary or give a mutual proof result.
In the case of Star II, the time span of Kepler data covers three activity cycles (two full cycles and one half cycle; see Figures 6b and 6d) . It can be seen in Figures 6b and 6d that the profiles of i AC or R eff variation in different cycles are not the same (see also Figure 5b for a more intuitive impression); each cycle has its own characteristics. Some cycles seem stronger, and some cycles are relatively weaker, just like what we had learned from the behaviors of solar cycles (Hathaway 2010; Petrovay 2010; Pesnell 2012) .
Summary and Conclusion
In this paper, we introduce an autocorrelation index, i AC , for stellar light curves as a quantitative proxy of magnetic activity for solar-type stars observed with Kepler. The concept of i AC relies on the phenomenon of rotational modulation of stellar light curves, which is caused by the crossing of magnetic features (starspots and faculae) on a star's disk along with stellar rotation; and the value of i AC is intended (see definition equation (3) in Section 2.1) to measure the degree of periodicity of the modulated light curve, which reflects the regularity of the rotational modulation and is related to the stability (and hence time evolution information) of magnetic features.
Besides i AC , we also employed R eff , the effective range of light-curve fluctuation (see definition equation (5) in Section 2.2), as another proxy of stellar magnetic activity, which reflects the depth of the rotational modulation and is related to the magnetic features' size and spatial distribution. The two quantitative measures of light curves, i AC and R eff , depict different aspects of magnetic activities on solar-type stars; they are complementary and can give a mutual proof result. By using the two measures i AC and R eff , we analyzed the magnetic activity properties of two carefully selected solar-type stars observed with Kepler (Kepler ID: 9766237 and 10864581, referred to as Star I and Star II, respectively). The i AC and R eff values were evaluated for each quarter of the light-curve data to exhibit the different activity characteristics of different quarters. The variations of the i AC and R eff values with the change of quarters reveal the cyclic magnetic activities on the two solar-type stars (referred to as i AC -cycle and R eff -cycle, respectively; see Figure 6 ). Based on the i AC -cycles, it is deduced that the cycle length of Star I is about 2.5 yr and the cycle length of Star II is about 1.3 yr. The rotation periods and differential rotation information of the two selected solar-type stars were derived from the quarters of light-curve data with the maximum i AC values in each i AC -cycle (i.e., using the highly periodic light curves), and the obtained rotation periods for Star I and Star II are 14.73 and 6.041 days, respectively (more detailed results about rotation periods and differential rotations for the two Kepler stars can be found in Tables 3 and 4) .
We also applied the two measures i AC and R eff to the light-curve (TSI flux) data of the Sun, our nearest solar-type star. The result shows that both the time variations of i AC and R eff can exhibit the known 11 yr solar cycle (note that we only use the signals of rotational modulation and do not incorporate the long length-scale trend information of the absolute TSI value), which further proves the ability of i AC and R eff as the proxies of stellar magnetic activity.
From the activity analysis results for Star I, Star II, and the Sun, it is found that the values of i AC and R eff present different correlations for different stars. For Star II (with faster rotation rate), the two measures have positive correlation and vary in the same phase; for the Sun (with slower rotation rate), the two measures have negative correlation and vary in the opposite phase; for Star I (with medium rotation rate), the two measures show weakest correlation. We propose that the different i AC and R eff correlations represent different behaviors of stellar activity; with the increase of rotation rate, there is a shift from the negative correlation behavior to the positive correlation behavior, and Star I (owing to its medium rotation rate) is just near the transition point.
Moreover, by comparing the light curve of the Sun during solar minimum with the simultaneous synoptic chart of the solar photospheric magnetograms (see Figure 11) , it is identified that the magnetic features that cause the steady periodic fluctuations (correspond-ing to higher i AC values) of the solar light curve are the faculae of the enhanced network region on the surface of the Sun, which have much larger spatial scale than sunspots. We propose that on the two selected solar-type stars investigated in this paper, the enhanced network regions (manifested as bright facula zones) can also be candidates for the magnetic features that cause the steady rotational modulation and hence highly periodic light curves.
In the future studies, we will try to reduce the time window of the i AC algorithm, from one quarter (currently used) to a few of rotation periods, and thus promote the time resolution of the i AC technique. Based on this improvement, we expect to study the relations between the magnetic activity properties and the flare activity properties (Candelaresi et al. 2014; Pitkin et al. 2014; Balona 2015; Wu et al. 2015) (7) in Section 3.2), and the horizontal axis (time axis) gives the long-cadence number of data points, which is counted from the beginning of the quarter (the same time axis as in Figures 3a and 3b) . The three vertical dotted lines in each subplot of Figures 13 and 14 indicate the timing of 30 days, 60 days, and 90 days, respectively. (5)) for the two demo curves are given in Figures 1a and 1b , respectively; the two horizontal dotted lines in each light-curve plot illustrate the positions of R eff /2 and −R eff /2, and the value of R eff can be understood geometrically as the distance between the two dotted lines.
3.6×10 Figure 11a ) is also plotted on the synoptic magnetic field map in white color according to the central meridian passage time given by the top horizontal axis of the chart (notice the opposite direction of this time axis compared with the plot in Figure 11a ). The two white arrows in Figure 11b indicate the same crest and trough of the flux curve as in Figure 11a , and the two black arrows indicate the magnetic features that dominate the shape of the flux curve (see Section 5.1 for details). 2). Each subplot shows one quarter of the light curve (from Q1 to Q17); the vertical axis gives the values of relative flux f (see equation (7)), and the horizontal axis (time axis) gives the long-cadence number of data points, which is counted from the beginning of the quarter (the same time axis as in Figures  3a and 3b) . The three vertical dotted lines in each subplot indicate the timing of 30 days, 60 days, and 90 days, respectively. a Maximum difference between the values of Q5, Q10, and Q15.
-45 - Note. -Because the SOHO spacecraft that observed the solar light-curve (TSI flux) data is located at the Sun-Earth L1 Lagrangian point and orbits the Sun synchronously with the earth 
